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Why the Interest in Gasification?

• Continuing high price of natural gas
• Excellent environmental performance of 

IGCCs
• Growing environmental community view 

of IGCCs as BACT for coal systems
• Consolidation of IGCC development 

companies
• Uncertainty of carbon management 

requirements and potential suitability of 
IGCC  for CO2 controls
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What Is Gasification?

Coal

Oxygen Extreme conditions:
§ 1,000 psig or more
§ 2,600 oF
§ Corrosive slag and H2S gas

Products (syngas)
CO (carbon monoxide)
H2 (hydrogen)
[CO / H2 ratio can be adjusted]

By-products
H2S (hydrogen sulfide)
CO2 (carbon dioxide)
Slag (minerals from coal)

Gas
Cleanup
Before

Product
Use

Water
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• Authorizations
− Clean Coal Power Initiative

$1.8B with minimum 70% gasification
− Clean Power Projects

$505M identified (several IGCC specified) with $425M 
gasification

− Clean Air Coal Program
$2.5B generation and $0.5B air quality

− Coal Research Program
$1.13B

Total directly or indirectly related to gasification technology –
$7 billion plus cost-of-loan guarantees and specified projects

Total directly or indirectly related to gasification technology –
$7 billion plus cost-of-loan guarantees and specified projects

Energy Bill 2005 
Funding Involving Gasification Technology
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Energy Bill 2005 
Funding Involving Gasification Technology

• Incentives
− Energy policy tax incentives

$800M gasification; $500M advanced combustion
$350M industrial gasification

− Incentives for innovative technologies
Appropriations as necessary to cover cost-of-loan 
guarantees
Western coal IGCC project specified

Total directly or indirectly related to gasification technology –
$7 billion plus cost-of-loan guarantees and specified projects

Total directly or indirectly related to gasification technology –
$7 billion plus cost-of-loan guarantees and specified projects
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Gasification Possible for Montana?
• Abundant, inexpensive source of quality low-

rank, low-sulfur coal
• Availability of potential sites for sequestration 

of carbon emissions
• Quality labor for both mining and plant 

operations requirements
• Benefits to Montana citizens

− Job creation
− Revenue enhancement

• Creation of new industries                                  
for fuels and H2 that are                                  
high in value-added products
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Properties of U.S Coals

16.219.016.4117.69Oxygen
10.411.15.25.7Ash
1.21.10.440.35Sulfur
1.01.00.950.96Nitrogen
4.94.55.05.0Hydrogen
66.363.372.070.3Carbon

Ultimate, wt% moisture free:
10.411.15.25.7Ash, dry
44.445.354.051.2Fixed carbon, dry
45.243.640.843.1Volatile matter, dry
37.733.323.424.1Moisture

Proximate, wt%:

7,0807,0909,5409,190Heating Value, Btu / lb 
(as received)

Texas
Lignite
S. Hallsville

N. Dakota
Lignite
Freedom

Montana
Subbituminous
Decker

Wyoming
Subbituminous
Spring Creek

“Steam – Its Generation and Use,”
Babcock & Willcox
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Montana Gasification Issues

• Predictability of 
gasification with low-rank 
coals

• Reliability of coal feed 
system for use with low-
rank coal feeding high-
pressure gasifiers 

• Influence of high 
moisture and ash content 
on process thermal 
performance
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Montana Gasification Issues

• Availability of gasifier 
for efficient 
performance with low-
rank coals

• Thermal performance 
penalties with low rank 
coals at high altitudes
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Six Major Direct Uses of Synthesis Gas

Wender, 1996

Refining / ammonia / fuel for 
fuel cells

Hydrogen production

Synthetic natural
gas (SNG)

Methanation (one commercial 
plant in U.S.)

Electricity / heatCombustion (commercial)

Branched paraffinsIsosynthesis (not commercial)

Fuels and specialty chemicalsFischer-Tropsch synthesis 
(commercial: S. Africa / 
Malaysia)

MethanolMethanol synthesis 
(commercial)

Primary Product
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Co-Production Technology Overview

Natural Gas
Coal
Pet Coke
Biomass
Wastes

Oxygen
PlantAir

O2

Product
Recovery

Liquid
Fuels

Naphtha
Diesel

Chemicals

Tail
Gas Power

Generation

Hydrogen
Recovery

Wax
Hydrocracking

Liquids

Wax
Hydrogen 
Separation

Hydrogen Liquids

An option

CO2
Removal

F-T
Liquid

Synthesis 
Slurry / Fixed / 

Fluid Bed

Synthesis Gas
Production

Synthesis Gas 
Cleaning
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Gasification Through Chemical Looping

• Efficient, cost-effective process 
capable of both oxygen-fired 
combustion and gasification 
without expensive cryogenic air 
separation unit

• In gasification mode, efficiently 
produces hydrogen for gas 
turbines, fuel cells, or other 
applications

• Combustion option achieved by 
removing gasification reactor

• NETL currently working with  2 
contractors – GE and Alstom

STEAM STEAM

COAL

AIR

Vitiated Air 
(High P)

CO2H2

Regeneration OxidationGasification

800oC 950oC 1,200oC
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IGCC without Mercury Removal and with itIGCC with Mercury Removal and with it

COAL SLURRY

OXYGEN

BFW

SLAG
FINES

PARTICULATE
REMOVAL

HP
STEAM

SYNGAS
COOLER

COS
HYDROLYSIS

WATER

AIR

STEAM TURBINE

BFW

HRSG

GAS
TURBINE

ACID GAS
REMOVAL

CONDENSER

MERCURY
REMOVAL
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Mercury Removal System
Performance and Cost

• Remove greater than 90% of mercury
• Stable adsorption of mercury in carbon beds as 

mercury sulfide
• Incremental capital costs of $3.34 / kW for carbon-

bed removal system
• Incremental cost of electricity of $0.254 / MWh for 

O&M and capital repayment 
Estimates for IGCC 

reference plant based on 
Tampa Electric

Gasification Plant with 
GE Energy gasifier and 
sized to 287-MWe net

− <0.6% COE from IGCC plant of $44 / 
MWh

− Estimated cost of mercury removal in 
IGCC compares favorably (<10%) to 
costs of 90% removal in conventional 
PC power plant
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Comparison of Water Consumption for 
Various Fossil Plants 

Note:               Cooling water requirements are 
estimated for generic eastern site, not Montana

E-Gas Shell GE R-C GE
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Regional Carbon Sequestration Partnerships

DOE
$13.0

MBig SkyBig Sky

SouthwestSouthwest

PlainsPlains

West CoastWest Coast
Midwest

Southeast

Illinois
Basin

Representing:
• 244 organizations
• 40 U.S. States 
• 4 Canadian Provinces
• 3 Indian Nations
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Visit NETL Websites

www.netl.doe.gov

http://www.netl.doe.gov
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Additional Slides
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Big Sky Regional Carbon Sequestration 
Partnership – Montana State University

G2

T1

T2

T3

G1

1616

• Over 50 participating organizations
• Basalt formations offer large storage 

capacity > 100 GT
• Many opportunities for value- added 

benefits
− Oil and gas fields
− Coal seams

• 40% of U.S. coal reserves within the 
region

• CO2 EOR operational experience 
within the region

• Phase II Pilot to demonstrate 
permanent storage via mineralization 
in basalt formations
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Montana Oil and Natural Gas Resources

• Economic advantages of additional hydrocarbon 
production may result in oil and natural gas fields 
among the first sites selected for sequestration
− Oil production: 19,300,000 barrels per year
− Natural gas production: 78,200 million cubic feet 

per year
− No. of Class II Wells: 100–5,000 (saline 

formations)

Carbon Sequestration Programmatic EIS, DOE/EIS-0366, 2005
http://www.epa.gov/safewater/uic/classii.html

http://www.epa.gov/safewater/uic/classii.html
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Montana Coal Resources

• Montana is capable of 
handling power plant 
volumes in region 
while adding to 
employment and 
commerce

• Montana among top 
10 coal-producing 
states

645,324U.S. Total

17,078Virginia

17,603Illinois

19,218Indiana

21,610Montana

24,001Colorado

25,404Texas

38,194Pennsylvania

66,759Kentucky

87,324West Virginia

235,233Wyoming

YTD 2005Thousand Short Tons
(July 2005)

Forbes Magazine, October 2005
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CO2 Sources and Potential Geologic 
Sequestration Formations in Montana

• Large number of saline formations are concentrated within Montana
• Western oil and natural gas fields are concentrated to some degree in 

Montana 

CO2 Sources and Coal FormationsCO2 Sources, Saline, and Oil and 
Natural Gas Formations

Natcarb
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Opportunities Exist for CO2 Utilization
Weyburn Example: Existing CO2 Pipeline Infrastructure

• 5,000 tons / day CO2

• 204-mile CO2 pipeline from Dakota   
Gasification Plant

• 130M barrels oil over 20-year 
project

• 1M tons / year CO2 sequestered

Pipeline Route from North Dakota 
Gasification Plant to Weyburn Oil Field
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Terrestrial Sequestration Potential in Montana

• No-till continuous 
cropping and use of 
cover crops are 
promising cropland 
management 
approaches to soil 
carbon increases

• Potential increase in 
carbon sequestration for 
approximately 25% 
increase in use of no-till 
for Montana

Natcarb
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Funding Involving Gasification Technology

Authorizations
($M or as specified)

Total $1.26 to 
$1.8 billion

Total 
$1.137 billion

CACP
$250 /
$300

CACP
$400 /
$40

CACP
$350 /
$100

CACP
$400 /
$30

CACP
$400

CACP
$400 /
$30

CACP
$300

Illinois 
FT
$85

Illinois 
FT
$85

Illinois 
FT
$85

Illinois 
FT
$85

Illinois 
FT
$85

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI
$140 to
$200

CCPI

Coal Research 
Program R&D

$367
R&D
$394

R&D
$376

Fisher 
Tropsch

Clean Air Coal Program 
(Generation / Air Quality)

Total 
$425 million (grants or 
cost sharing)

Total 
$2.5 billion (generation) 
$500 million (air quality)

20152014201320122011201020092008200720062005

Incentives

Energy Policy 
Tax Incentives

Incentives for Innovative 
Technologies

20% ITC for IGCC20% ITC for IGCC

20% ITC for Industrial Gasification20% ITC for Industrial Gasification

80% Loan Guarantees80% Loan Guarantees

Total 
$800 million limit
Total 
$350 million limit
Appropriations as 
necessary

9 Specified IGCC Projects9 Specified IGCC Projects
Appropriations as 
necessary
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Concept for Polygeneration Plant With        
Distribution of Products

SNG, H2 , Electricity, CO2

Denver

Salt Lake
City CO
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MT

NE

KS

Canada

Powder River Basin
(sub-bituminous)

Lignite

A
Weyburn Field

A

A

A

A

A

A – Oil or Gas Field or
Coal-bed Methane

R – Petroleum Refinery
P – Gas Plant

PLaBarge Gas Plant

EOR

EOR

CBM

EOR

CBM

ND Gasification Plant

RR

RR

R

R
Billings

R

R
Possible Hydrogen/
Hythane Pipeline
Existing CO2 Pipeline
Possible CO2 Pipeline
Existing Natural Gas
Pipelines

Bituminous Coal

Bismarck

A
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ID

A
AEOR

R
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